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(57) [ABSTRACT] 
[Object] 

In conventional arts of speeding-up pre-read memory accessing, there 
is a problem that provision of plural buffers or even enlarged capacity is not 
10 enough to achieve faster pre-read memory accessing and even caused 
complexity in controlling . In some cases, there is another problem that 
execution of pre-read might lose performance instead. 
[Solving Means] 

A memory controller 10 is connected to bus masters 31 and 32 via 
15 buses and controls accessing to a memory 20. The memory controller 10 
comprises read buffers 11 and 12 for temporarily storing data read out from 
the memory 20, corresponding in number to the bus masters 31 and 32. 
When receiving a memory read request from the bus masters 31 or 32, the 
memory controller 10 reads out requested data and successive data from the 
20 memory 20 to store them in the read buffer 11 or 12. 
[0019] 

[Embodiments of the Invention] 

Next, embodiments of the present invention will be described in detail 
with reference to the drawings. Fig. 1 is a block diagram of an information 
25 processor according to an embodiment of the present invention, the 
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information processor including a memory controller and a memory controlling 
chip. The information processor comprises bus masters 31 and 32 for 
connecting thereto by a bus X1, a memory controller 10, a bus arbiter 30 
which is a circuit for arbitration of the bus X1, and a memory 20 which is 
5 connected to the memory controller 10 to be controlled by the memory 
controller 10. The information processor has other functions, which are not 
limited here and therefore, description thereof is omitted. 
[0020] 

The bus masters 31 and 32 are CPUs for executing program or 
10 operation, I/O controlling portions for controlling transfer between an I/O 
device or an I/O controller and the memory 20 or a CPU, or the like. The I/O 
controlling portions may be configured to perform I/O control with a bus 
provided at a lower level. In Fig. 1, two bus masters are shown, however, 
they are not for limiting the number of connected bus masters and bus 
15 masters as much as necessary in the information processor may be 
connected. 
[0021] 

Information processors include a unit which operates as a main body 
such as a main frame and a personal computer, a unit which operates as 

20 connected to a main body or a network such as an auxiliary storage and a 
printer, a unit which has a circuit of Fig. 1 embedded therein for particular 
application. Further, the memory controller 10 is preferably implemented in a 
one-chip LSI (large-scale integrated circuit) or may be implemented in each of 
plural chips. 

25 [0022] 
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The memory controller 10 comprises: a write buffer 13 for temporarily 
storing data which is received based on a write request from a bus master 31 
or 32; a read buffer 11 for temporarily storing data which is read out from the 
memory 20 based on a read request of the bus master 31 ; a read buffer 12 for 
5 temporarily storing data which is read out from the memory 20 based on a 
read request of the bus master 32; a switching circuit 14 for switching the read 
buffer 11 and the read buffer 12; and a controlling portion 15 for controlling the 
memory controller 10. The read buffers 11 and 12 are configured by FIFOs 
(First In First Out) having a plurality of entries so as to output read data 
10 successively to the common bus X1 based on a burst transfer 
[0023] 

A driver circuit 16 and a receiver circuit 17 perform transmission and 
reception of signals with the common bus X1 while a driver circuit 19 and a 
receiver circuit 18 perform transmission and reception of signals with the 

15 memory 20. A signal wire received from the common bus X1 includes a 
command (CMD) signal having a command and an address/data (A/D) signal 
having an address and data, and the signal wire is received by the receiver 
circuit 17 to be output as a signal X4. In the signal X4, the data is connected 
to the write buffer 13 and the command and the address are connected to the 

20 controlling portion 15. The write buffer 13 is one here, however, plural write 
buffers may be provided. 

[0051] 

[Effects of the Invention] 
25 As described above, a memory controller, according to the present 
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invention, is provided with read buffers for plural bus masters, respectively. 
With this configuration, even when the plural bus masters simultaneously 
execute reading of data of successive addresses, pre-read data are not made 
invalid but can be used effectively. Therefore, unnecessary memory access 
5 due to invalidating of pre-read data can be eliminated, thereby achieving more 
faster memory accessing. 



Fig. 1 
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[0 0 2 3] K5-f stEUftl 6, US/— M[5]B& 1 7 fciu 

#®,k*x 1 fc©{g^©£§fg£fTV\ K^-ivtsis&i 

9, l/^— -»t@Bl 8fct. ^^e»; 2 0 fc©{s^©i££{f 

£tT-5. ftii^^x i^e,§ft-rse^tt, a-*>j« 

S^tr.3^>K (CMD) fs^i:, 7 Kb^tr-i' £: 
^trT Ki/*/^-* (A/D) fi^£^ % i/->-n 
HS&l 7T-£<I£ftTfI^X4fcLTtiJ2l£*lS. fl^ 30 
X4©5^ 7=— ?&m&'Sv77 1 3^^b> nv 
> YtT KU^ lif&japSS 1 5 ^mUT S . ££\ SiiM 
^77 1 3lilofcLT^S#ffl&IS:l*T*>«fcV^ 

[0 0 2 4] *{C$iJ»gBl 5©8lfi£tCO^TI2 2£/8^ 
Xo&WTZ. 7 YVXWXf 5 1 £T YVXWX* 
5 2ti, -eti-ejx^xv** 3 l tsix-?*-? 3 2©§fc 
^tti UgsRC £ ot^itl Xstz^-fXDT Y 
UT^S. SStB^<v77 1 1 «ffi;t^77 1 2Ca& 
©^mir-*#&&;*ft-c^ Jfeic^tBUfc 
7 : -*<D7' YUXZ&nisXjS*), t$LBi/iv77 1 IX 40 
lil 2fr£^-*#ffi;ft£ftSBg{C7'Kl/;*l/^;<* 5 

1XJ±5 2rt©7KU;*fia#H#r$nS. M^UXl 

1X8:5 2C«i^t-STHl'^i:S«7'HU^i:tflt« 
@ES5 3x tt«tlHl8S5 4Tlt«Sft. SS*A*$IJW[1K5 
5C3l£iT,5. fi*fX3 1Bu ra^V h*fa^X4 1 t7 
FU*/-7 J -*{s^X4 2£«C$W[5]ii&5 5T-ffr£;* 

nfc^^u 2 0{c?=frs$ijfflim^7'h*u^fs^-e$. 

S. 

[0 0 2 5] «Jfll|g]B 5 5 \t. ^ < oiHJDftJSKg^e* 50 
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tizm i %x2XJ^7-\z* 3 otg^n, ftin^ 

X 1 t©fs^©slgfs£f&JWU £fcn^>Hfs^X4 
lT*«fi^^Xl(Z)3T>KSSItT, 3T>KCDS« 

rtsc^t^^'j 2 o^cfita^ss^ttiL^cD- 
&©^jn&fgfT-f sfc»c, <mmm osm 
-rs. -BsiHiB6 iat, Kas;^7r i ic«M?nx 
^zmfrBUsT—tKD&zmmtzmmx; <gm®&6 

2tt, ffith/iy7 7 1 2K&ft£ftT^5^-tiib7 : — 
^OSt^S-fSlslSS-efeSo ^^7 7tf2J:li^t 
S7 J -^O»d s "0<i"i:VN^ci:T-feS. cn6.©1S 

So 

[0 0 2 6] #&B£©||ffi©ff£*i©ll]^K^T 

-?7str 3 1 a>£>a#jfc©Sc#tiiLg3R£gl:)\ 

-7** 3 2A>S>p;#ffi©^aibg:>R£§W\ ^K/t 

*^**3 l^c.sfiC^tBLS^caMb&TKU'^ 

•So 

[0 0 2 7] CCT% ftil^^X llCOV>Ti5iB^-rS. 
ftjt^X ll±, ^o>)>^|r]I85£©M;*-C-2d!K 7h'U 
^t^-^tt^lSlOTKl/^/^-^^X 1 2fl$ 

So #jiM;*X l©n^> Hfs^X 1 lT-teiH^nsn 

r-f7'©^ M^^^^3 1XB3 2 J: ti ^tB^fiS. 

€'J2 0AOt§ii»©iStt, M^T^^ 3 lXli3 2 
tfUT^fg^StfciTJU ^^E 'J 2 0i»£©K*aiL©&g 
H:/* Uf»J«PSBl Otfb^-f^^tB^-TS. 
[0 0 2 8] tlMWt^m < t-Sfc«)K:, «31 
y^X lCT'Kl'^/^-^fs^tit^eU 2 0fc©a 
§X3 2©5=-^lii:$4>'W htb, M-^htejg© 
S^T'Kb'^li, 1 [h1©m-^ KBiSg 1 6;H h©#. 
tl-r«:t>T& 1 6©{g&tit-S. ^fc, M-7>Mtt4I 

J5ECKS^i-Sfe©T-tt'5<x S'JOiffit'Sotfe*^ 

[0 0 2 9] ^-T^^^^^ 3 ltt, ^EU2 04>?.© 

3 oizttisxm. (D®mm&&* ft ^\ ®mm*mx* 

<( K>?t UZX. 37> K^^-hfs^ils 7KV 
^"a"i:, h*4©^^'J^aiUg*3v> K 

tStBTJTSo US/-^0»l 7*31UTIW«lll»5 5 
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lfcttJfo-r^SfciJ^^T' 1 l©«ia«:5i^-rSo CC 

T-tt^tB>''?^77 1 lc^a-r^— *#«&$ftT^ 

^-^©titsss, ^n-entt«<i5iK5 3tsais]K6 
[0030] 1 1 ©g#T-tt$fc*T-r ss^tt^xioa^ 

E&5 5tt, »J 2 0tc*fUTS#;-?-x h«4 4:j6« 10 
7. eWCttfrfflLfc^Ija-eD^-* (A~D) fci, * 

*a/wx l-^WMiBi 4sii/tm*?n5. ^© 

|BI^tc$iJffli|pJ!^5 5 JiM-^-X M-^-^tB 

•?z*3 ltt u {g^tc«fcoT xi*>£g£<* 
fcBLir-* ( A~D) SSttJfcS. 
[0 0 3 1] d©<£-5£, g«0©4H]^-CD^aib7 : - 

* (a~d) tttawmxx i— tB±»^nsfc»ss 20 

^977 1 lfcttS£?\ S$©4l!#©^tBL7 ; 

(E~H) S&fcBM*7yl ltcGM^tv 7K 
U7xl^>';** 5 liCtt5 r -^"E"CDTKU^"e"^i#p 
i^T7 Kure*ra+ 1 6" £^5feT-& 

[0 0 3 2] &(CM* v** 3 2 fcfc, ^7x©{$ffl*ti£f# 
5k3?> K7*-hfg^£*f ^ >Vt 2-CtHtiirZ 

t l©S5R©l&#i:|sMi£> n^T.*? 3 2CM>t5 30 
SWi^y^T 1 2®ttSig4ffo. S£dVW7rl2 
tt£&©TN *I»lHlE&5 5 8U ^'J 2 0C*fLTS# 
h*4i:5fe^^©-&t>-&T8^-^ MMf 
— *©8kfrtiib£fT a. fiSJC^tBL^Intf}-©?- 

* (P~S) fciu Pciv9&lz#:*t.miii^v7 7 I 2 
^feltiZtl, i^TftiIM*X 1 ^WgldlEg 1 4£jiU 
Tffi^J^nSo COi:g, |a]!$Jc:#IfflJ[5]S&5 5fc£{l^X 

31^7 X lA^^iiJL^— * (P~S) ^gJ+SKS. 40 
[0 0 3 3] ClWi-ptC* ft#J© 4 ls]#©^itH Lt 1 - 

* (p~s> tit- <-tc#jiM*x 

tBn^77l2Cai?,f, S5©4[Hl^-©S5^UiU7 : 
(T~W) |U1/1»77 1 1 «C|&tfi;*flfiM$;* 

rKU7xi/^**5 2K:B:7 ; -*"T''©7'Hu;r 
p+ i 6"tfffi8£i-is. 

[0 0 3 4] #tc;t7^** 3 1 tt, hu@©7' K l/*" 
a' , £f£<7'K^7^''e ,, (=a+ 1 6) ©M-* hft4 
©^*tHU5*i:, K^-hft^fc*^ ^>7" 

t 3ftil73l-5. ±§3g#£§tttttt-.5i:> 50 
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mmi ok£mm^y7 7 1 i©«8i£fitigi--5. c©tg 
mm^yy-ri 1 uy-^ftfiasi, 

T^S£«>x X4 2TStJ&$flS^tiJUS^7' K U 

i:^tfc«tlHlSS5 3T-it«t$n, -StbfcC fctff&ISPIslBS 
5 5Hil«]^n-5. 

[o o 3 5] -BLtfimazixzii, $f>(cs*©^-^ 
b*4©7 ? -^^iii>'t->7 7' i ltc^&afftTv^c 

£.ZWm®&6 lf«Bt4. C©±§i§r, 4^-*h* 
^©^-^tfi&S©-^ StfllSl sb^^u 2 0^©SS 
^tULttfffe-f, L/7 : -fft^i:|i]«ftSatii^^77 1 1 
©^-^ (E~H) fc<2J&[5]E&l 4 £ il LT 4 [5]#i6S»7 
T^il^^X l^tB7j1-5. M*v**3 ltt^-^ 
(E~H) Z&MstXfrb&im*), 7KU7°e°0i 

LTHfc^— * (E~H) SU*l,fcife»tSS(5ttJB4: 

[0 0 3 6] fcLh©«fc-5C, T'KU^"e ,, ©Sc^aibS 
JKT-tt^^'; 2 0^©7'7-b^S-r.5c:i:3ot<, KtbM 

^77 1 liP^^L^-^SSSlT-ta&ttK ^ 
'J 2 0^©K#aiLS#£iS^£^-f S;:i:#T-§ 
5. ;UT^^3 li>?>©7'KL'^"a , 't7'Kl/ 

^"e"©S^©P^tc§ltfttffcM7V7^ 3 2*t,©7- 
KU7x"p M ©g;££<fcoT^{im>;/7 7' 1 l©tt/§J±£ 
£>ZZtte<^—* (E~H) S^b^lt-SCli:* 1 -? 

[0 0 3 7] 0 3T-fcfc^bT^&^# N 5.>7"t 3 
T-M^^X^ 3 1 frhT KU^"a"(ca^U'&V>7' h* U 
*"z"©M-* hft4©^tUU5^* s ^ff$nfc«-& 
{CO^Ti&HJi-f £o C©*§1^ »U«f7 7l 1 

1 #]t!K[p]S85 
ffllls]£& 5 5 £ii*n-r . SO© @!S 5 5 ^fctjyt y 7 r 
1 1 A«^1-S7 I -^AsS5R©7 ; -^t-«:V>c:i:^^ns 

^^E'J 2 0tCMbT7'KU7x"z"A»e ) S^c©M-^ 
^TV^, g##©5r— ^S/^^X^ 3 l'NiiaiLT, 5fe 

^#©5 i -*£8&avw7 7' i ltc^-rs. 

[0 0 3 8] d©«t^tc:, ftWifrZnft UTfemM-fS 
U7- K As«J§l LftV^«^U:ftK» bfer-* 
l±^JE&«C)5:oT UI:V\ ^ U 2 0 iZMT SJfe^©® 

[0 0 3 9] IWi/ty7y* 1 oLA»BHtftV>«e3(E©« 
fi£T-tt, ±IB©^^*3 2©^-T t 2©SjS 

ta»t*CtfcJ:D*»»Lfc^-* (E~H) 
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[0 0 4 0] CCftt, $fc^tt^fcBA*;7 7Cg;fc© 

77 £>A>3*>#ff3b-C, *©^^UT^-tr 

7S##&^ t: § C$fctt#ftfSfff 5 <fc ? C bT *> <fc 

A^g^feSt^ $W#ffi&£fcDa&tt#&b<& 

[0 0 4 1]*l6Wlt ^Z^X*mtcmiii^v7-r$: 
StJtStto, l^©;\-y7:r£&>'t*v;**T-#*-r£ 
J©-&lcJt^Si:±«:co>'l«y7 7'^^$ <5&S^s *J 20 

v ^ * left U T * Sgffl/t y 7 T 4 d * 5 j&g# & 5 tc 
[0 0 4 2] »§&^5#£:fcW--5iM££-=>^T 

30 

[0 0 4 3] ;t*^**3 ltt^l' ^ >^t 2t3?> 
K**-Mi^£ffi;fr-f a©i:|5]B#fc:7 KU*"e"©« 
§&*S#£tH;*j-f£o CtvSSdni:, ftH]ffllffl5 15 
T-liI^7Kl'7' , e"i:7KU^l'^i'5 1, 52* 

•en-enjt«5iHiiS5 3, 5 4-t-tt«t-r£>. -r©t§£\ $g 

ajMy7T 1 2tt£&©T\ ifc«tl£]BS5 4©tB;fr(C<fc£> 

lags 5 3 ©aatttfa-r-st t & -a . 

[0 0 4 4] -S^J^SixS^ -Stbfe^tiW>.f 7 

r 1 lc&ft^ftajte^w^-^tt&^bsn, 40 

1 lttSfc&S. ^*V7>* 31*5, 

■;77i 3^i&*flu s&My 77 i3*»e»^ ; eu20 

[0 0 4 5] CliiUBC/t^ 3 1 ipe.T KU*" 
e°cD^fcBLS5R* s a&ofe®-&, Rffl^f77l 1* 
3gfc£oTV>5;fc«>, 2 O-^^tBbtffTfrfl-S 

©T-> ^7^** 3 1 tCfc*^— *©#£&;l#£lf*£ 
n/z^-^^v-^VTv^ 3 ltiifSCfctffSS. ±13 
ffl£-f 5 >y t 2 ©7 K 1/ 7" e "CDf § ji^SJlttf/U 50 
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^**3 lTftt*Ot;iv**3 2T-a±j£*ifcig-&-C- 

mm\ztam$tixmtiirt>y7 7' 1 i©7h-u^e D 

H: IE b v > y=- 9 £ K» a -f d i: 4 s T- § 5 . 
[0 0 4 6] £©£5{cSg&#5#£^Ttt:£T© 

2 Oi>c>mfrtiiLXlE\s<&iIl+?>Z£ifiX-% 

S. 

[0 0 4 7] #J©«t&*5#K:fcl:r£SM£i:bTGu 
flMr-^S^t U 2 O'xtttiitrfcfcfcK, gfctB 
A5/77 1 liZt>±WZ1-ZZ£lZ±*)7 : -*(Dm'£$: 

i> 1 2$it«b*:i^*, 7 1 1 tf-scrs 

±$©8&fE©£?£<fcdfc^toMy:7 7 1 1.&JR3& 
<bt5CJ:4<, tiiM-y77l3ipf>^ ; e'J2 0'V7 : 
-^*»§iitri:|BlBt{c^tBA^7r 1 l^fclS]-©^ 
-££±•#^•5. CfttCj; 3 l*>f)CDU 

M>;77 l l*e>SS^tBLTiSa)-r5Ct:^T-#.5o 
[0 0 4 8] J^±T-tt/t^v^^ 3 U57KU7,"e" 
0»&ji^S^&§JtfcS^r©i6^S:UiB^bfc* 1 , 7H 
U*"e + 4~e + 1 2"©&4>'W b C*f-TStt£ii# 
gjfcT-fclU *S6(C7KUXUyxi'5 1 i:±§a»§ii<Z* 
S#TKW7£lt!gtbTfc--gti;&e>>Se^©TN JtiRlsl 

5 lt:^t57Hl/7,"e\ °e + 4". "e + 8\ " 
e+1 2"(»*ti?tHzttLXttS}i.+&>&S&$>t), *' 
3H1ES6 l©t»^e,«^$nT^S7 ; -^ISt.^T 

•safr^-^tftttb^v?*' 1 itc«^nr^5^ 

[0 0 4 9] b^b'S:*!?), Z<DtzSblZ\tm%.<Z>tzlsb(D 

fctCfct), ib«tllES5 3T-ttTKbX©T{44t;^ 
^bt±ffiK-y h©^S:lt^5«fc-5lcbT^5. c 
7l-SCfct«t»)^©fc»tJt«lsJ8S*aifti:b«:< 

[0 0 5 0] COi^tCs SSUi-'t.i/^T't^-rS^ 
S&ji^SuO^-^^iiail-SCiiSIeligbT, 
[0 0 5 1] 

[^©3a*] w±iJ£Wufci?c, *«WtJ:ntt, 
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[0 2] *&m(Dmm<DBm(D®m$ii i sorn-^ia 

[E3] *^ra©^fi(l©^Oi&^Si5iB^bfc4''f 

10 ^usuwsg 

1 1 ^HJM<v77 
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